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Introduction
Coupling structures are critical components in optical interconnections because of their large influence on the overall efficiency of the system. Nowadays, the interest is shifting towards multilayer structures allowing higher interconnection densities and flexible routing schemes. The alignment between coupling elements in the different optical layers however is critical. We present pluggable inter-plane coupling components which can be inserted into pre-defined micro-cavities in the optical layers. The main advantage of these pluggable couplers over waveguide-integrated micro-mirrors, is the accurate alignment between the two mirrors because they are defined in one processing step.
Inter-plane coupling structures
A schematic overview of the proposed structures and a picture of the realized components are given in Figure 1 . As can be seen, there are two possible configurations, where the propagation direction is either preserved or reversed. These two components can be used as cornerstones for flexible routing schemes in two-layer optical interconnections since they can be readily inserted into micro-cavities which are pre-defined in the polymer optical layer integrated on top of a Printed Circuit Board (PCB). The couplers contain two 45° micro-mirrors to deflect the light beam over 90° by Total Internal Reflection (TIR). The twolayer optical structure consists of two cladding-corecladding stacks where arrays of 50µm x 50µm multimode waveguides are patterned in the core layer by laser ablation 1 . A cross-section is shown in Figure   2 . The micro-cavities are ablated through the two layers as a final processing step of the PCB.
The pluggable inter-plane couplers are fabricated using Deep Proton Writing (DPW) 2 . This rapid prototyping technology consists of the following processing steps. First a collimated 8.3MeV proton beam is used to irradiate an optical grade 500µm thick PMMA sample according to a pre-defined pattern by translating the PMMA sample, changing the physical and chemical properties of the material in the irradiated zones. As a next step, a selective etching solvent is applied for the development of the irradiated regions. This allows for the fabrication of (2D arrays of) micro-holes, optically flat micro-mirrors and micro-prisms, as well as alignment features and mechanical support structures. On the other hand, an organic monomer vapor can be used to expand the volume of the bombarded zones through an indiffusion process. This enables the fabrication of spherical (or cylindrical) micro-lenses with welldefined heights. If necessary, both processes can be applied to different regions of the same sample. The sample is translated perpendicularly to the proton beam in steps of 500nm with an accuracy of 50nm, while depositing 2.5 x 10 12 / µm² protons per step to achieve the highest quality optical surfaces. Typical proton currents for the used 125μm beam diameter are 160pA. Due to the finite beam size of 125μm, there is some rounding at the corners of the component but this does not affect its functionality. 
Figure 1: Schematic working principle and fabricated inter-plane coupling components with preservation of propagation direction (a,b) and with inversion of propagation direction (c,d). Figure 2: Polished output facet of a two-layer optical waveguide structure integrated on a PCB.

Although DPW is not a mass fabrication technique as
